Abstract-Electrophysiological studies were performed to elucidate the effects of ethanol on neuron activities in the lateral vestibular nucleus (LVN) and medial vestibular nucleus (MVN) of cats using an electrosmotic and microiontophoretic method.
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The LVN and MVN neurons were classified into two types according to the firing pattern and latency of the first spike with vestibular nerve stimulation: monosynaptic and polysynaptic neurons. Electrosmotic application of ethanol up to 200 nA produced a,dose-dependent inhibition of spikes of the LVN monosynaptic neurons with vestibular nerve stimulation and iontophoretically applied glutamate, but no significant alterations of the spikes of the LVN polysynaptic neurons. Acetyl choline-induced firing in the LVN monosynaptic neurons was also inhibited by ethanol.
In the MVN, spike generation of the monosynaptic and polysynaptic neurons with vestibular nerve stimulation and iontophoretically applied glutamate remained unaltered with ethanol up to 200 nA. These results indicate that ethanol predominantly inhibits synaptic transmission of the LVN monosynaptic neurons, probably by acting on the postsynaptic cell bodies.
A variety of effects of ethanol have been observed on neuron activity in the central nervous system, and regional differences have been reported: for example, ethanol produces both inhibitory and excitatory effects on spontaneous firing of neurons in the cerebral cortex, thalamus, hypothalamus and locus coeruleus (1-3), an increase in both excitatory responses and duration of post stimulus inhibition with dentate and com missural pathway stimulation in the dorsal hippocampus (4), a potentiation of GABA mediated inhibition of cerebral cortical neurons (5), and an increase or decrease in climbing fiber bursts of cerebellar Purkinje cells (6, 7). In contrast, neurons in the lateral geniculate and spinal trigeminal nuclei were resistant to ethanol (8, 9).
Equilibrium disorders and nystagmus in humans are known to be induced by ingestion of even low doses of ethanol (10, 11 A glass-insulated silver wire microelectrode (an electrical resistance of approx. 1 MQ) attached along a seven-barreled micropipette was used for extracellular recording of single neuron activity in the left LVN (P: 8.0, L: 4.0, H: -3.5 to -4.5) and MVN (P: 8.0, L: 2.5, H: -2.0 to -3.0), according to the brain atlas of Snider and Niemer (13). The outer diameter of the micropipette was ap proximately 10 iim, and the distance between the tips of the recording electrode and the micropipette was less than 50 /em. Each micropipette was filled with 10% ethanol dissolved in 165 mM NaCI, 2 M monosodium L-glutamate (Sigma), 1 M acetylcholine chloride (Dai"ichi Seiyaku) and 3 M NaCI. Ethanol was electrosmotically applied to the immediate vicinity of the target neuron using a microiontophoresis programmer (WP-I, model 160) according to the method of Krnjevic (14). Other chemicals were micro iontophoretically given to the neuron being recorded using the same type of programmer.
Stimuli composed of square wave pulses of 0.05 msec duration and 1-10 V were applied to the vestibular nerve every 1 .6 sec. The spikes elicited by the stimulation were displayed on an oscilloscope (Nihon Kohden, VC-9), and at least 30 successive responses before and during application of ethanol was photographed.
A 200 nA (Fig. 1131-133 Fig. 2A and B) . before and during the ap plication, respectively ( Table 1 ) .
Effects of ethanol on glutamate and acetylcholine-induced firing: As demon strated in the typical example shown in Fig.  3A , iontophoretic application of glutamate and acetylcholine increased the spontaneous firing rate of the LVN monosynaptic neuron. When ethanol at 100 and 200 nA was electrosmotically applied for 60 sec, a dose dependent inhibition of the glutamate and acetylcholine-induced spikes was obtained in 11 out of 13 monosynaptic neurons. In the remaining 2 neurons, the inhibition with ethanol up to 200 nA of the glutamate and acetylcholine-induced firing was 25-50%. In the LVN polysynaptic neurons, however, glutamate-induced firing was rarely affected by ethanol (Fig. 3B) . With electrosmotic application of ethanol at 200 nA, an inhibition of glutamate-induced spikes by over 50% was observed in only 2 out of 10 poly synaptic neurons examined.
In the MVN, glutamate-induced firing of monosynaptic and polysynaptic neurons was scarcely affected by ethanol up to 200 nA, either (Fig. 4) Under the conditions that the distance between the micropipette and the cell membrane of target neurons is less than 50 ;!m and current of 100-200 nA is applied for 60 sec, the concentration of ethanol at the cell membrane is estimated to be about 240-480 W at the end of ejection , ac cording to the data obtained by Nestoros (5). 
